Improved

LPV Analysis Condition
Consider an LPV system :oo
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Then the interpolated LPV controller Kp will be constructed as Ak(p, /5 
It is noted that we ask for different performance levels over each parameter subregion. 
where { f_ (p) }N* 1 and k N_ {gi (P)}k 1 are user-specified scalar basis functions.
Note that different basis functions may be used over different parameter subsets.
R_,,S)
are new optimization variables to be determined.
After such a parameterization, the LPV synthesis conditions can be solved using a gridding method over each parameter subset. Therefore it is necessary to develop a gain-scheduled controller capable of rejecting the periodic disturbance as the rotor speed changes.
The rotational motion of a magnetic bearing can be derived from its rigid body dynamics, which issa' 18
where 0,_ are the Euler angles denoting the orientation of the rotor centerline.
J,_, J,. are the moment of inertia of the rotor in axial and radial directions, respectively. The parameter p denotes the rotor speed.
The magnetic forces generated by four pairs of electromagnets are denoted by f,.i,fei for i = 1,2,3,4.
f_,o, fdv, are disturbance forces caused by gravity, modeling errors, imbalances, etc.
The electromagnetic force fj is related to the voltage ej across the jth coil through the magnetic flux _¢j by the equations
The following system parameters are chosen for the active magnetic bearing example (Table 1) . In the absence of disturbances and modeling errors, the above equation specifies an equilibrium.
Linearizing the nonlinear equations at the equilibrium, we obtain = -_ + T(-4c_gO + 2c_0o + fdo) (4o)
where 00, q_ are the differential magnetic flux fi'om electromagnetic pairs, and e0, ce are the corresponding differences of electric voltage. The constants cs,c2,dl,d2 depend on _o, Go, R, A, N, uo and the geometry of the bearings as follows 2Co)
The imbalance forces fao and fd_ are typically modeled as sinusoidal disturbances, and are given by
In automatic balancing design, the imbalance forces will be treated as a sinusoidal sensor noise n r = 
Fo4x2] F°_×11
11i I L_2J' (55) Figure  1 .
In Figure  1 Table 3 Frozen optimal/LPV closed-loop 7-{_ norm.
Since the LPV controller is designed for a range of parameters, it is not surprising that they are only suboptimal for each fixed parameter value. However, it is observed that the optimal performance level using 7-to_ is very close to the achievable performance derived from switching the LPV controller at each frozen parameter. However, the optimal controller is highly tuned to its designated rotor speed. When a magnetic bearing operates at a different rotational speed, significant performance degradation or even loss of stability is expected. For example, the optimal 7-to_ controller designed for p = 700r'ad/s results in a performance level 7 = 1.16 × 106 when the rotor is actually rotating with the speed of llOOrad/s. 
